The utility of CD20 immunohistochemistry in the evaluation of staging bone marrow biopsies of newly diagnosed diffuse large B-cell lymphoma (DLBCL) patients has not been extensively studied. We used 113 routinely processed bone marrow biopsies to study the extent and pattern of involvement by lymphoma and CD20 staining. Twelve (10.6%) of 113 cases had involvement by morphology, and 5 (41.7%) of these showed histologic discordance between the primary site and the bone marrow. All cases with morphologic evidence of bone marrow involvement showed staining for CD20. Four (3.5%) of 113 cases had non-neoplastic aggregates that stained for CD20. One case (0.9%) showed a small benign lymphoid aggregate by immunohistochemistry that was not evident by morphology. Our results demonstrate that CD20 staining did not detect any examples of bone marrow involvement by DLBCL that were not evident by morphology. We conclude that immunohistochemistry for CD20 adds no increase in the sensitivity of detection of bone marrow infiltration by DLBCL.
D iffuse large B-cell lymphoma (DLBCL) is a heterogeneous entity accounting for approximately 30% of non-Hodgkin lymphoma. The incidence of bone marrow involvement in patients with DLBCL ranges from 12% to 35%. [1] [2] [3] Staging bone marrow biopsy has been a valuable diagnostic and prognostic tool to assess the extent of disease in patients with newly diagnosed DLBCL. The pattern and extent of bone marrow infiltration and the histologic discordance between the primary site and the bone marrow have been recognized as factors of valuable prognostic significance. [2] [3] [4] [5] [6] The extent of bone marrow involvement and a high percentage of large cells have been associated with a worse clinical outcome. 7 Although traditionally morphologic evaluation has been considered the gold standard for staging bone marrow evaluation, immunohistochemistry can be a useful adjunct for the assessment of the extent of bone marrow involvement, especially in cases with minimal infiltration or discordant morphology. [8] [9] [10] Moreover, decalcification and processing may compromise optimal histologic preservation making morphologic interpretation challenging in some instances. In this study, we evaluated the usefulness of immunohistochemistry for CD20 in identifying bone marrow involvement by newly diagnosed DLBCL.
MATHERIALS AND METHODS

Case Selection
Staging bone marrow core biopsies of 113 patients with newly diagnosed DLBCL between 1995 and 2005 were identified from the surgical pathology files of Stanford University Medical Center. All cases with a prior history of lymphoma or treatment using anti-CD20 antibodies (rituximab) were excluded from the study. The cases were selected without prior knowledge of CD20 staining results. Institutional Review Board approval was obtained for these studies.
Histologic Studies
Hematoxylin and eosin (H&E)-stained sections of acid-decalcified, formalin-fixed, paraffin-embedded bone marrow core biopsies were reviewed. The extent of bone marrow involvement was assessed as the percentage of total cells in the medullary space by estimating the percentage of the neoplastic lymphoid cells at 40 Â magnification (an average of 10 different 40 Â fields assessed). In cases where less than 10 fields were available, an average of the estimated fields were used. Cases with less than 5 fields were excluded. The pattern of bone marrow involvement was subdivided into 5 categories: diffuse, nodular, interstitial, paratrabecular, and mixed. The size, pattern of distribution, and cytologic features of the lymphoid infiltrates were evaluated. The presence of benign and malignant lymphoid aggregates was assessed and classified according to previously described criteria. 2, [11] [12] [13] The bone marrow was considered not involved or negative if infiltrates were absent or if benign lymphoid aggregates were noted by morphologic evaluation alone. The histologic discordance between the primary site and the bone marrow was defined as the presence of a lymphoid infiltrate with large cells constituting less than 50% of the B-cell infiltrate (there were no examples of T-cell and histiocyte-rich DLBCLs among the cases we studied).
Immunohistochemical Studies
Immunohistochemistry were performed on formalin-fixed, paraffin-embedded sections of 4 mm, which were deparaffinized in xylene and hydrated in a series of graded alcohols. Staining for CD20 (clone L26, DAKO, Carpinteria, CA) was performed using standard retrieval on an automated staining machine (Ventana Medical Systems, Tuscon, AZ). The pattern and extent of CD20 expression was compared with the morphologic features on the H&E slides. CD20 staining was scored positive if any CD20positive large cells were present. A tissue microarray with cores of multiple tissue types including tonsil, thymus, and spleen were used as positive and negative controls for staining. In addition, all cases had a few scattered normal small lymphocytes serving as internal positive controls.
RESULTS
Histologic Features
Twelve (10.6%) of 113 cases showed morphologic evidence of bone marrow involvement by lymphoma. The pattern of involvement was as follows: 5 diffuse, 3 nodular, 2 mixed, and 2 interstitial. The extent of bone marrow involvement ranged from 5% to 90%. Five (41.7%) of 12 cases showed histologic discordance between the primary site and the bone marrow. None of the infiltrates in this series of cases were found in a paratrabecular location. In all cases, the marrow neoplastic cells were medium-sized to large-sized lymphocytes with moderate-to-abundant cytoplasm, ovoid-to-irregular nuclei, dispersed-to-slightly coarse chromatin, and inconspicuous-to-small nucleoli. Rare-to-occasional immunoblasts were noted. No T-cell/histiocyte-rich large B-cell lymphomas were identified. In all 5 cases with discordant morphology in the bone marrow, the marrow infiltrates were predominantly composed of small lymphoid cells, cytologically compatible with low-grade B-cell non-Hodgkin lympoma. Only rare-to-few scattered intermediate to large-sized lymphocytes were present. Table 1 summarizes the results of bone marrow involvement and CD20 staining. Twelve of 113 cases in which the bone marrow was considered positive by morphologic evaluation showed CD20 staining. In all cases, the morphologic pattern of CD20 expression matched the pattern of bone marrow infiltration by the neoplastic cells (Fig. 1) . The extent of CD20 staining did not differ among the diffuse, nodular, interstitial, and mixed patterns. One hundred and one (89.4%) cases showed no bone marrow involvement by morphology and the corresponding CD20 stain was negative. Discordant histology was found in 5 of 12 cases (41.7%) where a lowgrade lymphoma was detected in the bone marrow. In cases with discordant histology, CD20 staining was found in both small and large neoplastic cells. None of the cases showed a CD20-positive large cell population that was not identified by morphologic evaluation of H&E sections. In addition, the number (percentage) of CD20positive large cells were similar to those identified by morphologic evaluation with the exception of one case where approximately 50% of the large cells stained for CD20. This partial expression is most likely secondary to plasmacytoid differentiation and loss of CD20 expression in neoplastic cells. Four cases (3.5%) had benign lymphoid aggregates where a subset of lymphoid cells ranging from 20% to 50% expressed CD20. One case (0.9%) showed a small benign lymphoid aggregate by immunohistochemistry that was not evident by morphologic evaluation.
Immunohistochemical Features
DISCUSSION
Bone marrow involvement by neoplastic large cells in DLBCL ranges from 12% to 35%. [1] [2] [3] In the current study, 11% of cases exhibited bone marrow involvement by morphologic evaluation at the time of diagnosis. The role of immunohistochemistry as an adjunct to the evaluation of bone marrow biopsies for purposes of staging patients with lymphoproliferative disorders has been previously studied. 9, 14, 15 CD20 is an excellent pan B-cell marker and its usefulness on paraffin-embedded tissue to characterize lymphoid infiltrates in bone marrow biopsies in patients with non-Hodgkin lymphoma has been well documented. In our experience, B-lymphoid infiltrates in the bone marrow are readily highlighted with a stain for CD20.
Our results demonstrate that there is an excellent correlation between morphology and CD20 staining in the detection of disease involvement of staging bone marrows in newly diagnosed DLBCL patients. In our study, the stain for CD20 did not detect additional cases of DLBCL involving the bone marrow not identified by morphologic evaluation. Thus, a CD20 immunostain for the purpose of detecting bone marrow involvement of DLBCL is not advocated based on these findings. It must be emphasized that none of the patients in this study cohort had a history of prior treatment with the anti-CD20 antibody, rituximab. 16, 17 Hence our findings may not be applicable to detection of recurrent DLBCL involving the bone marrow in patients treated with a combination of rituximab and anthracycline-containing chemotherapy. In addition, some plasmablastic and immunodeficiency-related DLBCLs may also lack CD20 staining. In these instances, if an immunohistologic stain needed another pan B-cell marker such as PAX5, CD79a, CD19, or CD22 may prove to be more useful. Our results argue that a CD20 stain is an unnecessary test in the evaluation of staging bone marrow biopsies for DLBCL and adds no value above that provided by thorough morphologic evaluation.
